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(54) A multi- �axis pivoting detent joint assembly for an exterior vehicle mirror

(57) A mirror assembly comprising a mounting brack-
et for attachment to a vehicle exterior; a first pivot plate
on the mounting bracket having a concave upper surface
with a series of grooves formed therein; a support arm
pivotally carried on the first pivot plate of the mounting
bracket; and, a second pivot plate carried by the support
arm having a base surface with a plurality of protruding
teeth engaging the grooves in the first pivot plate so that
a pivot gap is defined between the upper surface of the
first pivot plate and the base surface of second pivot plate;
whereby the pivot gap allows the teeth to both pivot and
slide in the grooves of the first pivot plate so that the
support arm is pivotal in a multi-�axis arrangement with
the mounting bracket to accommodate misalignment be-
tween the mounting bracket and the support arm during
installation on a vehicle.
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Description

CROSS REFERENCE TO RELATED APPLICATION

�[0001] This application claims priority from US Provi-
sional Application filed January 2, 2008 under Application
Number 61/009,760.

BACKGROUND OF THE INVENTION

�[0002] 1) Field of the Invention
�[0003] The present invention relates to exterior vehicle
mirror assemblies, and more particularly, to a detent joint
for large commercial vehicle mirror assemblies that in-
volves rounded cooperating surface geometries to allow
for multi- �axis movement to accommodate misalignment
between a mounting bracket and support arm when
mounted to the vehicle, while maintaining the proper de-
tent function to hold the mirror assembly in a desired
position.
�[0004] 2) Description of Related Art
�[0005] Exterior mirror assemblies are known to include
a detent connection joint between a mounting bracket
attached to the vehicle and a support arm carrying the
mirror head so that the mirror can be selectively posi-
tioned and held in place. However, manufacturing vari-
ances for large exterior vehicle mirror assemblies typi-
cally result in some degree of misalignment between the
two detent surfaces when mounted to the vehicle. In
some cases the parts are flexible enough to accommo-
date slight misalignment. This, however, leads to line and
point contact location that create premature wear and
tear on the joint. This wear will eventually cause the de-
tent joint to loosen over time from vibration. Eventually,
the joint will no longer hold the mirror in position. In other
cases, the mirror assembly system will not accommodate
misalignment and results in poor or limited detent per-
formance when mounted to the vehicle.
�[0006] U.S. Patent No. 4,186,905 (Brudy) shows a
truck mirror that includes a detent member with grooves
and a complementary engaging member that includes
spaced projections. Axial compression of a spring moves
the grooves into engagement with the projections. There
is no disclosure in the specification of any tolerance for
misalignment in this arrangement. Movement of this de-
tent mechanism is limited strictly to a single vertical axis.
�[0007] U.S. Patent No. 5,081,546 (Bottrill) shows a ve-
hicle exterior mirror that includes detent formations that
includes a compression spring. Misalignment is prevent-
ed by allowing a wobble in the washer connector as de-
scribed in the specification at col. 3, lines 10-20. There
is no disclosure of cooperating rounded surfaces on the
detent mechanism to allow for multi-�axis movement.
�[0008] U.S. Patent No. 7,137,715 (Schuurmans et al.
) shows an external vehicle mirror that includes cooper-
ating engaging members to form a detent arrangement,
and a spring adapted to hold the detent arrangement
engaged. There is no disclosure of cooperating rounded

surfaces on the detent mechanism to accommodate mis-
alignment and allow for multi-�axis movement.
�[0009] None of the cited patents or known prior art
teach a detent joint having a rounded, and preferably
partial spherical segment, surface to allow for multi-�axis
rotation while maintaining proper detent resistance.
Thus, there is a need for improvement in the art to provide
a detent joint for exterior mirror assemblies that maintains
a proper detent connection while preventing uneven wear
and accommodating misalignment.
�[0010] Accordingly, it is an object of the present inven-
tion to provide a detent connection that will forgive mis-
alignment between a mounting bracket and support arm.
�[0011] It is a further object of the present invention to
provide a detent geometry in which the engaging com-
ponents are rounded in a generally spherical segment
shape to allow for multi-�axis movement.

SUMMARY OF THE INVENTION

�[0012] The above objectives are accomplished ac-
cording to the present invention by providing a spherical
geometry to the detent joint between the two interacting
joint parts. More particularly, the above objectives are
accomplished according to the present invention by pro-
viding a mirror assembly comprising a mounting bracket
for attachment to a vehicle exterior; a support arm carried
by the mounting bracket for carrying a mirror head; an
arm connector carried generally at a distal end of the
support arm being pivotally connected to the mounting
bracket; and a multi-�axis pivoting detent joint intercon-
necting the mounting bracket and the arm connector. The
detent joint includes a first pivot plate carried by the
mounting bracket having a concave upper surface with
a series of grooves formed therein; and, a second pivot
plate carried by the arm connector having a rounded con-
vex base surface received into a recess defined by the
concave upper surface of the first pivot plate, and a plu-
rality of rounded teeth protruding from the base surface
engaging the grooves in the first pivot plate so that the
base surface is spaced from the concave upper surface
to form a pivot gap there between; whereby the pivot gap
allows the rounded teeth to both pivot and slide in the
grooves of the first pivot plate so that the arm connector
is pivotal in a multi- �axis arrangement with the mounting
bracket to accommodate misalignment between the
mounting bracket and the support arm during installation
on a vehicle.
�[0013] In a further embodiment, the first pivot plate in-
cludes a central opening aligned with an interior cavity
of the mounting bracket to provide a continuous passage
through the first pivot plate into the interior cavity.
�[0014] In a further embodiment, the second pivot plate
includes a complementary central opening aligned with
the central opening of the first pivot plate.
�[0015] In a further embodiment, the arm connector in-
cludes a connector post extending through the central
opening of the first pivot plate and the second pivot plate
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into the interior cavity of the mounting bracket in a pivoting
arrangement so that the connector post moves within the
interior cavity.
�[0016] In a further embodiment, the connector post in-
cludes a hollow interior channel defining a continuous
passage from the arm connector to the interior cavity of
the mounting bracket.
�[0017] In a further embodiment, a securing rod is dis-
posed in the hollow interior channel of the arm connector
interconnecting the arm connector to the mounting brack-
et. The securing rod is spring biased to direct the first
pivot plate against the second pivot plate to maintain
proper resistance of the detent joint to prevent unwanted
movement of the support arm.
�[0018] In a further embodiment, the concave upper
surface and the convex base surface each have a radius
of curvature comprising a spherical segment.
�[0019] In a further embodiment, the base surface in-
cludes a radius of curvature complementary to the radius
of curvature of the concave upper surface so that the
pivot gap is maintained between the base surface and
the concave upper surface during pivotal movement of
the arm connector on the mounting bracket.
�[0020] In a further embodiment, the pivot gap allows
for a pivotal movement of at least +/- 2° between the arm
connector and the mounting bracket.
�[0021] In a further embodiment, the rounded teeth in-
clude a metal coating to harden and enhance the dura-
bility of the teeth.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0022] The construction designed to carry out the in-
vention will hereinafter be described, together with other
features thereof. The invention will be more readily un-
derstood from a reading of the following specification and
by reference to the accompanying drawings forming a
part thereof, wherein an example of the invention is
shown and wherein:
�[0023] Figure 1 shows a perspective view of a mirror
assembly for mounting to a vehicle exterior having a mul-
ti-�axis pivoting detent joint according to the present in-
vention;
�[0024] Figure 2 shows a detailed perspective view of
a detent joint according to the present invention;
�[0025] Figures 3A-�3C show perspective views of sev-
eral embodiments of the first pivot plate according to the
present invention;
�[0026] Figures 4A-�4B show perspective views of sev-
eral embodiments of the second pivot plate according to
the present invention;
�[0027] Figure 5 shows an exploded perspective view
of the detent joint according to the present invention;
�[0028] Figure 6 shows a side elevation view of the de-
tent joint according to the present invention;
�[0029] Figure 7A shows a cross-�section view of the
detent joint in Figure 6 according to the present invention;
�[0030] Figure 7B shows a cross-�section view of the

detent joint in Figure 7A in an angled orientation accord-
ing to the present invention; and,
�[0031] Figures 8A-�8B show cross-�section views of al-
ternative embodiments of the pivot plates according to
the present invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

�[0032] With reference to the drawings, the invention
will now be described in more detail. Referring to Figs. 1
and 2, an external vehicle mirror assembly, designated
generally as 10, is shown which includes a multi- �axis
pivoting detent joint, designated generally as 12, on both
an upper mounting bracket 14 and lower mounting brack-
et 16. Mounting brackets 14 and 16 are generally identical
and the following detailed description in regard to mount-
ing bracket 16 applies equally to mounting bracket 14.
Further, while the illustrated embodiment shows both an
upper and lower mounting bracket 14 and 16, it is under-
stood that various alternative mirror assembly designs
that hang from a single upper mounting bracket or rest
on a single lower mounting bracket are considered within
the spirit and scope of the present invention. Incorporat-
ing both an upper and lower mounting bracket may not
be required for practicing the present invention and is
dependent upon the qualified design for a given vehicle.
�[0033] Mounting bracket 16 is adapted for attachment
to a vehicle exterior. A support arm 18 is attached to
mounting bracket 16. In the illustrated embodiment, the
connection of support arm 18 to mounting bracket 16 is
accomplished by providing an arm connector 20, which
interconnects mounting bracket 16 and support arm 18
in a multi-�axis pivotal cooperation as described herein
below. Support arm 18 is secured to arm connector 20
using any of various methods well-�known to those skilled
in the art, such as through bolting, screwing, gluing or
friction fit. Alternatively, arm connector 20 and its ele-
ments, such as connector post 46 as detailed herein, can
be a molded end of support arm 18 as opposed to a
separate component. Preferably, arm connector 20 is
spring biased against mounting bracket 16 to provide re-
sistance for detent joint 12 to hold mirror head 22 and
support arm 18 in a desired position. Disposed between
mounting bracket 16 and arm connector 20 is detent joint
12 having rounded cooperating surface geometries to
allow for multi-�axis pivoting. This arrangement allows arm
connector 20, and thus support arm 18, to pivot in a multi-
axis arrangement on mounting bracket 16 to accommo-
date misalignment during installation on the vehicle.
�[0034] Referring to Figs. 2, 5 and 6, detent joint 12
includes a first pivot plate 24 carried by mounting bracket
16. First pivot plate 24 is fixed to mounting bracket 16 to
resist rotation on mounting bracket 16 to provide a first
half of detent joint 12. Further referring to Figs 3A and
3C, first pivot plate 24 includes an upper surface, desig-
nated generally as 25, having a concave shape. A series
of grooves 26 are defined into upper surface 25. Referring
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to Fig. 3C, in a preferred embodiment grooves 26 are
curved to follow the same radius of curvature as upper
surface 25. Alternatively, however, as shown in Fig. 3A,
grooves 26 may be formed in a generally straight config-
uration. Grooves 26 essentially segment upper surface
25 into a series of ridges 28, which together with grooves
26 provide a first half of the detent function to detent joint
12. In a preferred embodiment, the concave shape of
upper surface 25 is a spherical segment in that the radius
of curvature is such that if extended would form a sphere.
Accordingly, while the concave shape of upper surface
25 is only a spherical segment, it is spherical in radius of
curvature to provide a rounded uniform engaging surface
across first pivot plate 24. Alternatively, a non-�spherical
radius of curvatures may be used but is not the preferred
embodiment as such a surface on first pivot plate 24 can
result in uneven wear and possible premature joint failure
due to the uneven application of forces.
�[0035] Further referring to Fig. 4A and 8A, the other
half of detent joint 12 includes a second pivot plate 30
carried by arm connector 20 that includes a convex
rounded base surface 32 complementary to the concave
shape of first pivot plate 24. Convex rounded base sur-
face 32 is received into a recess 34 defined by concave
upper surface 25 of first pivot plate 24. Second pivot plate
30 includes a plurality of rounded teeth 36 protruding
from the convex shaped base surface 32 engaging in a
complimentary fashion with grooves 26 of first pivot plate
24 so that base surface 32 is spaced from concave upper
surface 25 to form a pivot gap 38 (Fig. 6) there between.
Pivot gap 38 allows rounded teeth 36 to both pivot and
slide in grooves 26 of first pivot plate 24 so that arm con-
nector 20 is pivotal in a multi- �axis arrangement with
mounting bracket 16 to accommodate misalignment be-
tween mounting bracket 16 and support arm 18 during
installation on a vehicle. In a preferred embodiment, base
surface 32 includes a radius of curvature complementary
to the radius of curvature of concave upper surface 25,
which is preferably spherical, so that pivot gap 38 is main-
tained between base surface 32 and concave upper sur-
face 25 during pivotal movement of arm connector 20 on
mounting bracket 16. Pivot gap 38 provided by rounded
teeth 36 prevents base surface 32 from engagement with
upper surface 25 of first pivot plate 24. Preferably, pivot
gap 38 allows second pivot plate 30 to pivot in any direc-
tion approximately +/- 5°.
�[0036] Preferably, rounded teeth 36 are rounded to
conform to grooves 26 in first pivot plate 24. This allows
teeth 36 to easily slide laterally within grooves 26 to ac-
commodate pivoting along a first axis. Further, rounded
teeth 36 also allow second pivot plate 30 to easily pivot
within a groove, for example in a fore and aft direction
within the grooves, to accommodate pivoting along a sec-
ond axis. The engagement of teeth 36 with grooves 26
creates the typical detent function between first pivot
plate 24 and second pivot plate 30 when the mechanism
is spring loaded to create a bias tension between mount-
ing bracket 16 and arm connector 20. To increase dura-

bility, rounded teeth 36 may include a metal coating, des-
ignated generally as 40 in Fig. 3, or metal impregnation
to harden and enhance the engaging surface with first
pivot plate 24.
�[0037] Referring to Figs. 3B, 4B, and 8B, an alternative
arrangement is illustrated for detent joint 12 in which the
surface geometries of first pivot plate 24 and second pivot
plate 30 are reversed. In this embodiment, first pivot plate
24 is formed with a convex upper surface 25 into which
grooves 26 are formed. Second pivot plate 30 is then
formed with a concave base surface 32 that forms a re-
cess 34 for receiving convex upper surface 25 of first
pivot plate 24. The resulting cooperation between the
pivot plates is thus generally the same as outline above
and a multi- �axis pivoting detent joint is provided that
maintains the same pivot gap 38.
�[0038] Referring further to Figures 5, 7A and 7B, in the
illustrated embodiment a central opening 42 is provided
in first pivot plate 24. Central opening 42 is aligned with
an interior cavity 44 of mounting bracket 16 to provide a
continuous passage through first pivot plate 24 into inte-
rior cavity 44. Arm connector 20 includes a connector
post 46 extending outward from arm connector 20. Sec-
ond pivot plate 30 includes a complementary central
opening 48 receiving connector post 46, which then ex-
tends through central opening 42 of first pivot plate 24
and into interior cavity 44 of mounting bracket 16 in a
pivoting arrangement so that connector post 46 moves
within interior cavity 44. Connector post 46 includes a
hollow interior channel, designated generally as 50, de-
fining a continuous passage from arm connector 20 to
interior cavity 44 of mounting bracket 16. A securing rod
52 is disposed in hollow interior channel 50 interconnect-
ing arm connector 20 to mounting bracket 16. Securing
rod 52 is spring biased to compress arm connector 20
and mounting bracket 16 together. Preferably, a pair of
bias springs 54 and 55 are disposed at opposite distal
ends of securing rod 52. In the illustrated embodiment,
spring 54 is secured to arm connector 20 by bolt head
51. Washer 57 is bolted to second distal end 53 by nut
59 to secure spring 55 around connector post 46 in inte-
rior cavity 44 of mounting bracket 16. The spring bias on
securing rod 52 directs arm connector 20 against mount-
ing bracket 16 to force first and second pivot plates to-
gether to provide sufficient resistant for detent joint 12.
Referring to Fig. 7B, when arm connector 20 is moved
to a maximum allowable pivot range, connector post 46
contacts a side wall 56 of interior cavity 44 in mounting
bracket 16 to prevent further movement. By adjusting the
gap between side walls 56 and 58 in interior cavity 44,
the extent to which arm connector 20 pivots can be con-
trolled. Most preferably, the pivot range between arm
connector 20 and mounting bracket 16 is limited to +/- 2°
to avoid unintended play in the mirror assembly.
�[0039] In summary, the detent function is provided by
the spherical geometry of first pivot plate 24 and teeth
36 of second pivot plate 30. In the illustrated embodiment,
one half of detent joint 12 is one of a concave or convex
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shaped plate which includes a series of grooves and ridg-
es. The other half of the joint comprised the other of a
convex or concave shaped plate with a plurality of teeth
for engaging the grooves in a complimentary arrange-
ment. The contact between the components creates the
typical detent function when the mechanism is spring
loaded. However, a pivot gap 38 between the two pivot
plates 24 and 30 of detent joint 12 allows for misalignment
forgiveness by pivoting arm connector 20 in a multi-�axis
arrangement on mounting bracket 16.
�[0040] While a preferred embodiment of the invention
has been described using specific terms, such descrip-
tion is for illustrative purposes only, and it is to be under-
stood that changes and variations may be made without
departing from the spirit or scope of the following claims.

Claims

1. An exterior vehicle mirror assembly having a pivoting
detent joint, said mirror assembly comprising:�

a mounting bracket for attachment to a vehicle
exterior;
a support arm carried by said mounting bracket
for carrying a mirror head;
an arm connector carried generally at a distal
end of said support arm being pivotally connect-
ed to said mounting bracket;
a multi-�axis pivoting detent joint interconnecting
said mounting bracket and said arm connector,
said detent joint including:�

a first pivot plate carried by said mounting
bracket having a concave upper surface
with a series of grooves formed therein; and,
a second pivot plate carried by said arm
connector having a rounded convex base
surface received into a recess defined by
said concave upper surface of said first pivot
plate, and a plurality of rounded teeth pro-
truding from said base surface engaging
said grooves in said first pivot plate so that
said base surface is spaced from said con-
cave upper surface to form a pivot gap there
between;

whereby said pivot gap allows said rounded teeth to
both pivot and slide in said grooves of said first pivot
plate so that said arm connector is pivotal in a multi-
axis arrangement with said mounting bracket to ac-
commodate misalignment between said mounting
bracket and said support arm during installation on
a vehicle.

2. The assembly of claim 1 wherein said first pivot plate
includes a central opening aligned with an interior
cavity of said mounting bracket to provide a contin-

uous passage through said first pivot plate into said
interior cavity.

3. The assembly of claim 2 wherein said second pivot
plate includes a complementary central opening
aligned with said central opening of said first pivot
plate.

4. The assembly of claim 3 wherein said arm connector
includes a connector post extending through said
central opening of said first pivot plate and said sec-
ond pivot plate into said interior cavity of said mount-
ing bracket in a pivoting arrangement so that said
connector post moves within said interior cavity.

5. The assembly of claim 4 wherein said connector post
includes a hollow interior channel defining a contin-
uous passage from said arm connector to said inte-
rior cavity of said mounting bracket.

6. The assembly of claim 5 including a securing rod
disposed in said hollow interior channel of said arm
connector interconnecting said arm connector to
said mounting bracket.

7. The assembly of claim 6 wherein said securing rod
is spring biased to direct said first pivot plate against
said second pivot plate to maintain proper resistance
of said detent joint to prevent unwanted movement
of said support arm.

8. The assembly of claim 1 wherein said concave upper
surface and said convex base surface each have a
radius of curvature comprising a spherical segment.

9. The assembly of claim 1 wherein said base surface
includes a radius of curvature complementary to said
radius of curvature of said concave upper surface
so that said pivot gap is maintained between said
base surface and said concave upper surface during
pivotal movement of said arm connector on said
mounting bracket.

10. The assembly of claim 1 wherein said pivot gap al-
lows for a pivotal movement of at least +/- 2° between
said arm connector and said mounting bracket.

11. The assembly of claim 1 wherein said rounded teeth
include a metal coating to harden and enhance the
durability of said teeth.

12. A multi-�axis pivoting detent joint assembly for an ex-
terior vehicle mirror comprising:�

a mounting bracket for attachment to a vehicle
exterior;
a first pivot plate included in said mounting
bracket having a concave upper surface with a
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series of grooves formed therein;
a support arm pivotally carried on said first pivot
plate of said mounting bracket; and,
a second pivot plate carried by said support arm
having a base surface with a plurality of protrud-
ing teeth engaging said grooves in said first pivot
plate so that a pivot gap is defined between said
upper surface of said first pivot plate and said
base surface of second pivot plate;

whereby said pivot gap allows said teeth to both pivot
and slide in said grooves of said first pivot plate so
that said support arm is pivotal in a multi-�axis ar-
rangement with said mounting bracket to accommo-
date misalignment between said mounting bracket
and said support arm during installation on a vehicle.

13. The assembly of claim 12 wherein said grooves are
curved to follow the same radius of curvature as said
concave upper surface.

14. The assembly of claim 12 wherein said base surface
has a convex shape and is received into a recess
defined by said concave upper surface of said first
pivot plate.

15. The assembly of claim 12 wherein said first pivot
plate includes a central opening aligned with an in-
terior cavity of said mounting bracket to provide a
continuous passage through said first pivot plate into
said interior cavity.

16. The assembly of claim 15 wherein said support arm
includes a connector post extending through said
central opening of said first pivot plate and into said
interior cavity of said mounting bracket in a pivoting
arrangement so that said connector post moves with-
in said interior cavity.

17. The assembly of claim 16 wherein said connector
post includes a hollow interior channel defining a
continuous passage generally from said support arm
to said interior cavity of said mounting bracket.

18. The assembly of claim 17 including a securing rod
disposed in said hollow interior channel being spring
biased to direct said first pivot plate against said sec-
ond pivot plate to maintain proper resistance of said
detent joint to prevent unwanted movement of said
support arm.

19. A multi-�axis pivoting detent joint assembly for an ex-
terior vehicle mirror comprising:�

a mounting bracket for attachment to a vehicle
exterior;
a first pivot plate carried by said mounting brack-
et having a convex upper surface with a series

of grooves formed therein;
a support arm pivotally carried on said first pivot
plate of said mounting bracket; and,
a second pivot plate carried by said support arm
having a concave base surface with a plurality
of protruding teeth engaging said grooves in said
first pivot plate so that a pivot gap is defined
between said upper surface of said first pivot
plate and said base surface of second pivot
plate;

whereby said pivot gap allows said teeth to both pivot
and slide in said grooves of said first pivot plate so
that said support arm is pivotal in a multi-�axis ar-
rangement with said mounting bracket to accommo-
date misalignment between said mounting bracket
and said support arm during installation on a vehicle.

20. The assembly of claim 19 wherein said concave
base surface includes a radius of curvature comple-
mentary to said radius of curvature of said convex
upper surface so that said pivot gap is maintained
between said base surface and said concave upper
surface during pivotal movement of said support arm
on said mounting bracket.
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